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Abstract
Notwithstanding their scarcity and uneven distribution, zooarchaeological and stable 
isotope data sets on the Early and Middle Neolithic (5500–3200 cal BC) in the region of 
Estremadura in Central Portugal strongly suggest that two succeeding stages in subsistence 
strategies took place: sheep and goat itinerant pastoralism (across large areas) and/or 
renewed focus on wild food sources (cervid hunting, harvesting marine and freshwater 
food)  which replaced livestock farming within smaller areas and less specialised hunting 
practices. This economic shift seems to have coincided with two other dramatic changes: 
the 5.9 kyr cal BP climate event and the onset of megalithism. Possible correlations between 
these past cultural and palaeoenvironmental phenomena are herein preliminarily outlined.
Keywords: Neolithic; Portugal; zooarchaeology; stable isotopes; climate change; 
megalithism.
Resumen
A pesar de su escasez y distribución desigual, el conjunto de datos arqueozoológicos y 
de isótopos estables para el Neolítico Antiguo y Medio de la región de Estremadura en 
el centro de Portugal (5500-3200 a. C. cal), sugiere con claridad dos etapas sucesivas en 
las estrategias de subsistencia: pastoreo itinerante de ovejas y cabras (ocupando grandes 
territorios) y/o un renovado interés por los recursos alimenticios silvestres (caza de 
cérvidos, recolección de alimentos marinos y de agua dulce), que reemplazó otras formas 
de ganadería más confinadas en el espacio acciones con regímenes de mantenimiento 
reducidos y unas prácticas de caza menos especializadas. Este cambio económico parece 
haber ocurrido junto con otros dos cambios dramáticos, el evento climático 5.9 k BP (cal.) 
y el inicio del megalitismo. Aquí se esbozan de forma preliminar las posibles correlaciones 
entre estos fenómenos culturales y paleoambientales del pasado.
Palabras clave: Neolítico; Portugal; zooarqueología; isótopos estables; cambio climático; 
megalitismo.
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1. IntRoductIon
Neolithic research in Portugal has been witnessing major developments in the 
last four decades. Among other factors, the opening to Anglo-Saxon theoretical 
perspectives and, more recently, the implementation of large-scale salvage work, 
forced traditional culture-historical views to be surpassed by processual and 
post-processual approaches along with a notable accumulation of empirical data 
derived from excavations carried out with modern methodologies. This allowed 
the construction of interpretative syntheses aiming at levels of inference higher 
than those more confined to chrono-typological sequences. Thus, clearer pictures 
of past economic behaviour, amongst several other research topics, were swiftly 
acquired. In this context, the perception of asymmetric economic processes 
occurring at the inception of the earliest farming communities in the country were 
recognized as soon as the end of the 1980s. For example, according to Jorge (1990: 
120; Portuguese original):
«A strong line to note for this period, in South Portugal, is the regional variability 
observed in terms of settlement and subsistence strategies, rites and sepulchral 
architectures, and also in the development of asymmetries as verified in many areas 
of this vast territory.
Thus, in the region of the mouth of the Sado River (Comporta), thanks to a 
very favourable  ecosystem for fishing/gathering, the Neolithic communities 
“specialized” in a traditional, “broad spectrum” economy that isolated them, at 
first, from other cultural areas. We believe that further research may find, in other 
regions of the Alentejo/Algarve (mainly in coastal or estuarine areas), communities 
with similar “archaic” behaviour».
Indeed, particular sites and settlement systems —like the one evidenced by 
the Middle and Late Neolithic shell midden sites in the Comporta region (Silva et 
al., 1986; SoareS and Silva, 2013) mentioned above— clearly indicated that hunter-
gatherer economies did not completely vanish with the introduction of farming life 
ways. The open question, however, was to evaluate the economic weight of these 
more «traditional» practices in overall subsistence strategies and to understand 
their role as a defining feature of Neolithic societies in Portugal. More or less 
implicitly following Zvelebil’s (1986) «availability model», some argued that in its 
earliest phases these were still essentially hunter-gatherer groups that selectively 
and gradually adopted items of the new economic system (e.g. Jorge, 1990; Silva 
and SoareS, 1987) while others considered that a full production economy must 
have characterized the whole period given the record obtained in Iberian areas 
where more advanced research was able to assemble larger datasets of botanic 
and faunal evidence (e.g. Zilhão, 1997).
More recent research, namely in the domain of isotope analysis from human 
bone remains and zooarchaeology of marine and terrestrial animals, along 
with a progressive refinement of their chronological framework, contributed to 
increasing awareness of the mentioned asymmetries through time and across 
space. Yet, the open questions remained the same: To what extent do these results 
reflect meaningful features and trends, if any, during the Early and Middle 
Neolithic? What was the real impact of farming economies in the demography and 
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social organization of these societies? How can the emergence of the megalithic 
phenomenon be understood in such broader economic and social scenarios? 
Recent updated, broad-scale syntheses are lacking in spite of the accumulating 
evidence (see CardoSo [2007] for an exception), although those would be 
perhaps the most suitable way to frame and understand particular historical and 
geographical contingencies observed in smaller territorial units.
The aim of this paper is therefore to present and discuss the available evidence 
for the Early and Middle Neolithic in the Estremadura region and neighbouring 
areas of central Portugal and examine its consequences regarding the above issues. 
Given persisting research limitations in the area under analysis, this approach will 
be restricted to general aspects of human settlement, zooarchaeological studies 
and isotopic datasets. It should be stressed that direct evidence for agriculture 
is completely unknown due to research and/or taphonomic limitations (for a 
discussion and an account on current evidence, see Zilhão [1997] and Carvalho 
et al. [2013], respectively), radiocarbon determinations may not be sufficient for 
statistically-based approaches as have been essayed elsewhere in Europe, and 
populational studies still suffer from coarse-grained chronological resolution. 
Moreover, research has been uneven and disparate, resulting in geographically 
contrasting amounts of archaeological data.
2. chAngIng subsIstence stRAtegIes In the eARly And MIddle 
neolIthIc
2.1. the background
Estremadura is an elongated region sandwiched between the Atlantic and 
the Tagus River basin, in central-southern Portugal (Fig. 1). The following brief 
description by ribeiro (1945: 153; Portuguese original) is very instructive about its 
fundamental geographical features:
«[The] main original feature of Estremadura is the limestone massifs where 
beautiful examples of all karst forms can be found. Into this still impressive relief, 
generally formed by anticlines crossed by major faults, penetrates a wedge of 
abundant rainfall; but water flows away through the cracks in the bare rock and 
a Mediterranean vegetation of kermes oak, mastic, wild olive and fragrant herbs 
covers the ground with intermittent tufts».
Data is still insufficient for a detailed depiction of the prevailing bioclimatic 
conditions during the Middle Holocene. However, the geological features 
mentioned above —namely the sharp contrast between the limestone massifs (that 
constitute the backbone of the region) and the surrounding coastal or riverine 
plains— and their implications as a conditioning factor for human settlement can 
be securely transposed to Neolithic times. Conversely, the geomorphology of the 
Tagus Valley has been receiving much attention and its evolution since the last 
glacial maximum is now relatively well-known (viS et al., 2008; see Fig. 1C). Both 
aspects either conditioned or stimulated, not only human settlement, but also 
mobility and subsistence practices.
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Figure 1: A) Location of the study area in the Iberian Peninsula. B) Estremadura and neighbouring 
areas. 1 - Cadaval Cave; 2 - Caldeirão Cave; 3 - Pena d’Água Rock-shelter and Costa do Pereiro 
(open-air site); 4 - Picoto Cave, Cerradinho do Ginete (open-air site) and Galeria da Cisterna 
(Almonda karstic system); 5 - Barrão Cave; 6 - Lugar do Canto Cave; 7 - Meu Jardim (shell-midden); 
8 - Cabeceira 4 (megalithic tomb); 9 - Cabeço da Areia (megalithic tomb); 10 - Sobreira 1 (megalithic 
tomb); 11 - Comporta shell-middens; 12 - Pedra Branca (megalithic tomb). C) The «Lisbon Peninsula» 
(after Daveau [1980: 25] and Vis et al. [2008: fig. 12], adapted). 1 - Bom Santo Cave; 2 - Muge shell-
middens; 3 - Magoito (shell-midden); 4 - Lapiás das Lameiras (open-air site); 5 - Carrascal de 
Agualva (megalithic tomb); 6 - Pedras Grandes (megalithic tomb); 7 - Porto Covo Cave; 8 - Carrascal 
de Leceia (open-air site); 9 - Encosta de Sant’Ana (open-air site).
Indeed, before the Neolithic, the last Mesolithic foragers were established 
in the mid/lower-section of the Tagus as the outcome of major changes in 
human geography, from scattered settlement during the Preboreal and Boreal to 
settlement concentration during the Atlantic. This transition is being understood 
as the result of new environmental conditions derived from the 8.2 kyr cal BP 
climatic event that forced clear cut transitions at various levels, from settlement 
and subsistence strategies to lithic technology (Zilhão, 2003; Carvalho, 2010; biCho 
et al., 2010; Pereira and Carvalho, 2015). One of its most notable archaeological 
manifestations is the large shell-midden sites in the Muge complex (Fig. 1C), 
where a broad spectrum of food sources, ranging from birds and mammals to 
sea/estuarine molluscs and fish, is evident in the zooarchaeological record (for 
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a synthesis, see Carvalho [2009] and references therein). One of the discussions 
about Mesolithic adaptations has thus focused on evaluating the relative weight 
of terrestrial and marine/estuarine resources in overall human subsistence. A first 
contribution to solve this issue quantitatively —indeed one of the earliest of the 
kind on the Atlantic façade of Europe— was provided by stable isotope analyses 
of human remains by lubell et al. (1994), whose work clearly indicated that 
subsistence was equally dependent on marine and terrestrial foods throughout 
the ca. 1,300 years of Mesolithic occupation of these sites. More recent results 
pointed to the same conclusions (umbelino et al., 2007; biCho et al., 2013). 
Dated to 5500/5400–5200 cal BC, the oldest archaeological sites in 
Estremadura with pottery vessels and polished stone tools associated with a 
production economy are located in the limestone massifs, not in the Tagus Valley. 
This is not the place to discuss the causes underlying the appearance of the 
earliest Neolithic communities in Portugal, but the joint observation of several 
aspects—geographically unconnected site clusters, their coastal location, presence 
of domesticated plants and animals whenever organic preservation exists, etc.—
indicates a maritime colonisation model by seafaring groups as the one best 
capable of explaining these traits at the very beginning of neolithisation (Zilhão, 
1993; Carvalho, 2010). Moreover, despite variable percentages of cardial vessels, 
their mere presence integrates these groups in the same historical processes and 
cultural traditions as documented elsewhere in the Western Mediterranean.
Soon after its arrival, the Neolithic spread to inland sectors of the country, 
namely to the regions north of the Mondego River (5200 cal BC onwards). 
Regarding Estremadura, however, the major tend is the notable increase in the 
number of sites and the concomitant occupation of all existing ecosystems, from 
hilly limestone massifs to the lower coastal or riverine areas (see below). When 
the earliest dolmens started to be built—ca. 3600 cal BC, if the older TL dates 
obtained by Whittle and arnaud (1975) to the dolmens of Poço da Gateira 1 and 
Georginos 2 are excluded (see discussion in boaventura [2011] and references 
therein)—the whole territory had already been occupied.
These processes have experienced important research developments in two 
particular areas of Estremadura: the Limestone Massif of Estremadura (hereafter, 
LME) and the «Lisbon Peninsula» (Fig. 1), thus deserving more detailed 
characterisation:
•	 Studied by martinS (1949), who provided its most comprehensive 
description, the former area is a roughly triangular massif that stands 
out within the region as an impressive uplifted block, well delimited by 
the 200 metres a.s.l. contour line. Extensive fault escarpments that border 
its limits, particularly along the Tagus basin, emphasise its orographic 
individualization that culminates at 677 metres a.s.l. in the Aire Mountain 
summit. It induces sharp climatic variation between the Atlantic coastal 
plains, with more abundant rainfall, and the Tagus river basin. Surficial 
water bodies on the massif only form in the rainy season, thus permitting 
the development of a sclerophyllous vegetal cover formed by scrubs and 
maquis. A number of springs rise around its periphery, at the foot of the 
escarpments, draining to the coast and to the Tagus across plains of sandy 
or sandstone substrata.
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•	 Strictly speaking, the so-called «Lisbon Peninsula» is not a geographic 
region per se but instead a convenient designation to refer to the territory 
south of the LME. Its «peninsular» character would be more notable 
during the Neolithic due to the large Tagus palaeoestuary at the time. 
In general traits, this sector of Estremadura is formed by limestone 
plateaux—of which the Montejunto Mountain is the highest, reaching 
666 metres a.s.l.—and dense drainage systems flowing to the Tagus right 
bank or directly to the Atlantic through narrow valleys. Discordant in this 
landscape is the eruptive massif of the Sintra Mountain, with an East–
West orientation, which contributes significantly to the environmental 
diversity that characterizes the region. However, its most remarkable 
palaeogeographic feature was undoubtedly the Tagus transgressive 
palaeoestuary—ca. 15 km wide at the Montejunto latitude—that 
penetrated deep inland through its main tributaries. This ecologically 
rich environment surely played a significant role in human subsistence 
strategies and mobility during the Mesolithic and Neolithic.
2.2. Zooarchaeological evidence and herding practices
A synthesis of the available zooarchaeological data for medium and large 
sized mammals from Early and Middle Neolithic contexts is presented in 
Table 1 (for site locations, see Fig. 1). As can be seen, faunal remains are very 
scant in open-air sites (Cerradinho do Ginete, Encosta de Sant’Ana), larger 
quantities occurring only in deeply stratified sedimentary deposits (Caldeirão 
Cave, Pena d’Água Rock-shelter). This taphonomic limitation results from thin, 
superficial archaeological layers in the open-air. It biases not only original faunal 
representativeness according to types of contexts, but also their systematic 
taxonomic classification due to higher bone fragmentation patterns. The limitation 
further pushes researchers to arrive at disparate conclusions —as in the case of 
wild versus domestic statuses— that prevent firm characterisations of stock-
keeping and hunting strategies (see discussion in valente and Carvalho [2014] 
and references therein). This is particularly the case of swine—perhaps more 
than of bovines—since frequent interbreeding between pigs and wild boars and 
overlapping biometric parameters further hamper their specific differentiation. 
For this reason, swine remains have been counted as undifferentiated species in 
Table 1.
If swine are removed from the equation, Early Neolithic faunal assemblages 
are clearly dominated by domestic cattle and caprines (sheep and goat) with 
averages of around a quarter of the total number of identified specimens (Fig. 2). 
This pattern would reverse in favour of wild species if all—or at least most—swine 
remains are re-classed as wild boar, as initially proposed by roWley-ConWy (1992) 
for the Caldeirão assemblage (for an opposite view, see daviS, 2002). Hunting is 
represented by a variety of species, mostly red and roe deer, to which variable 
quantities of lagomorphs not shown in Table 1 should be added.
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Faunal data for the Middle Neolithic are much scarcer (Fig. 2). Only three 
contexts with fully published faunal assemblages are known in terms of NISP 
(Table 1): the Pena d’Água Rock-shelter, its neighbouring open-air site of Costa 
do Pereiro (valente and Carvalho, 2014; the latter currently in revision; Tomé 
et al. 2013) and Cadaval Cave (almeida et al., 2015). These sites, however, show 
contrasting patterns in which herding of sheep/goat and hunting of red deer 
take turns in abundance, with caprines reaching 73% at Pena d’Água and 75% 
at Cadaval, and red deer 47% at Costa do Pereiro. These changes seem to point 
to a dual, more specialized but complementary strategy during this period. It is 
true that the available evidence is scarce, geographically confined to the LME and 
further datasets are needed, but the abruptly decreasing percentages of bovines 
and swine must be symptomatic of some important shift in animal exploitation 
during the Early to Middle Neolithic transition
In the LME, faunal assemblages come from sites located along the contact rim 
between the massif and the Tagus basin (Fig. 1B). If the geo-ecological conditions 
provided by both the massif and the Tagus basin are taken in consideration, 
the herding of caprines must have been favoured in the limestone plateaux and 
mountains. During the Early Neolithic this was coupled with the more or less 
permanent agricultural occupation of the lower plains. Here, other domesticates 
(pigs?, cattle) were kept until replaced in the following period by the above-
mentioned specialization in the herding of caprines and hunting of red deer. 
Furthermore, the combined geologic and orographic features of the LME 
provide interesting research avenues to be explored when more zooarchaeological 
data become available. In fact, according to martinS (1949: 54; Portuguese original), 
we may be dealing here with quite original herding practices:
«The singularity of the Massif reveals itself in the fact that, unlike other mountains, 
this is a centre of rejection of animals in the summer; flocks come down to the 
confines of the lower lands in this season, searching for water and grass. It must 
be said that, at present, this short-course transhumance—they sometimes reach 
Nazaré—is tending to end».
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Figure 2.  Early and Middle Neolithic main taxa and respective abundance.
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Reaching Nazaré, on the Atlantic coast, this recent traditional «short-course 
transhumance»—as the author puts it—nonetheless had a range of 30–40 km in a 
straight line from the core areas of the LME and suggests, not only a (minimum?) 
radius for Neolithic itinerant pastoralism in Estremadura, but also contrasting 
behaviour if compared with the pastoral occupation of other mountain areas in 
Portugal (Ribeiro, 1941, 1948): its seasonal abandonment during the summer. 
Ethno-historical research on the subject may provide a useful framework for 
prehistoric practices.
Regarding the «Lisbon Peninsula», Carvalho (2005) and CardoSo (2010) have 
stressed the environmentally-diversified character of the region as a key-feature 
allowing the acquisition of a large spectrum of food-sources. Indeed, several sites 
show evidence for the consumption of estuarine/marine molluscs while the same 
domestic mammal species as recognized in the LME are also recorded (Table 
1). However, these zooarchaeological assemblages are scant—or almost totally 
absent, in the case of the Middle Neolithic—and prevent further considerations 
on animal exploitation strategies, a limitation that may be surpassed only when 
the assemblages from Lapiás das Lameiras (daviS and SimõeS, 2015) and Carrascal 
(CardoSo, 2010) are published in detail. It should be noted in this regard that 
strontium analyses of sheep/goat remains from Bom Santo Cave showed the 
frequentation of geologically older regions (PriCe, 2014), a fact interpreted as 
testimony of itinerant pastoralism between lower Estremadura and neighbouring 
areas of the Alentejo during the Middle Neolithic (Carvalho, 2014). Thus, the 
same practice as suggested by zooarchaeological data from the LME seems to 
have taken place also in this region.
2.3. stable isotope datasets and quantitative approaches to subsistence
The scatterplot in Figure 3 presents all stable isotopic determinations available 
for Mesolithic, Early and Middle Neolithic sites in Portuguese Estremadura (for 
site locations, see Fig. 1B–C). It compiles previously published data (see Carvalho 
and PetChey [2013] and references therein) and recently-obtained results from 
the Cardial sites of Caldeirão (Zilhão, 1993) and Galeria da Cisterna in the 
Almonda karst system (Zilhão, 2009), and from Cabeceira 4, one of the earliest 
megalithic tombs in the Alentejo region (roCha and duarte, 2009; Carvalho and 
roCha, n.d.). In face of the above-acknowledged scarcity of palaeobotanic and 
zooarchaeological datasets, this research topic has been seen as a viable avenue 
to overcome such limitations by providing quantitative insights on palaeodiets 
for the geographical areas and time periods here in question (lubell et al., 1994; 
Carvalho and PetChey, 2013).
The methodological principles underlying stable isotopic analyses are well-
established but the increasing number of results for Neolithic Portugal required 
the development of specific protocols to cope with latitude variations and the 
lack of a local faunal and plant database. These protocols were proposed and 
discussed by Carvalho and PetChey (2013; see in particular pp. 371–372), which 
included a calculation of the likely percentage of marine or freshwater values 
for each sample. Thus, the values cited below can be found in Tables 1 and 2 in 
the mentioned paper, with the associated chronologies being the median of their 
radiocarbon date calibrated at 2 sigma.
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Figure 3. Plotting of isotope results (δ15N and δ13C) from human bone remains according to 
absolute chronologies (data from Carvalho and Petchey [2013] and unpublished results). +: cave 
cemeteries; –: habitation site; ×: megalithic monuments; ∆: shell-midden sites from the Mesolithic 
Muge complex
Overall, these isotope results indicate a clear picture of predominantly 
terrestrial-based subsistence strategies throughout the Neolithic, in keeping 
with the first results obtained by lubell et al. (1994). This constitutes the most 
remarkable quantitative feature characterising these communities’ palaeodiets. 
As exceptions to the rule, some individuals also show variable degrees of 
consumption of marine or freshwater —i.e., wild— foods and therefore deserve 
a closer examination.
It should be noted that these exceptions are not found in the Early Neolithic. 
Indeed, at Caldeirão, Almonda and Picoto marine food intakes are almost 
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inexistent (average of 2.5%) and freshwater remain below 10% (average of 5.5%). 
If the former tendency is not surprising given the ca. 50 km that separates these 
cave cemeteries from the nearest coast, the lower percentages of freshwater 
foods points definitively to a full terrestrial-oriented subsistence system with 
riverine ecosystems playing a negligible role. Comparable data from the «Lisbon 
Peninsula» is, however, necessary to verify in absolute terms the dietary role 
represented by the occasional finding of sea and/or estuarine molluscs in Early 
Neolithic sites, such as at Encosta de Sant’Ana (muralha and CoSta, 2006) and 
Carrascal (CardoSo, 2010).
In the Middle Neolithic, a contrasting behaviour seems to oppose the LME 
to the «Lisbon Peninsula». Whereas a very clear trend in the consumption of 
terrestrial foods is still evident in the former —only individuals #01 from Barrão 
and #36 from Lugar do Canto show percentages of aquatic food sources around 
20% (Carvalho and PetChey, 2013)—, the latter area seems to witness a trend 
through time. Indeed, at Porto Covo, older samples (3600 cal BC versus 3400 cal 
BC) seem to exhibit >20% of marine and freshwater foods. This also seems to be 
the case if the two dolmens are compared: while the older (3600 cal BC) Carrascal 
de Agualva has yielded 12% and 15% marine and aquatic diets, the later (3300 
cal BC) Pedras Grandes has, respectively, an average of 3.5% and 5%. This trend 
seems to correlate well with the fact that only in the middle phase of the Neolithic 
there are some shell middens known along the Atlantic coast (Fig. 1B–C), at 
Magoito (SoareS, 2003) and Meu Jardim (valera and SantoS, 2010).
It can be reasonably argued that the above isotopic results are skewed by the 
greatly reduced sample size. However, at Bom Santo, where a larger number of 15 
individuals were analysed, it was possible to verify, not only that nine (60%) had 
isotope values indicative of a diet composed of ≥20% of freshwater foods, but that 
a diachronic trend was also observable: during the 3800–3600 cal BC time span 
there is an average consumption of aquatic foods of 32% (six individuals), which 
decreases to 18% (nine individuals) in the following 3600–3400 cal BC period. 
This assessment of high freshwater input in the diet has been interpreted as in 
keeping with the landscape of the «Lisbon Peninsula» during the mid-Holocene, 
a time when the northern limit of the Tagus’s brackish waters was to the north of 
Bom Santo and resulted in the formation of peat deposits in the main tributaries 
and on a very large estuary, permitting therefore the economic exploitation of its 
presumably abundant wild resources (Carvalho, 2014). 
Moreover, strontium and oxygen isotope analyses of the same population 
(PriCe, 2014) indicated very high levels of mobility, suggestive of regular 
occupation of the adjacent Alentejo sector, across the Sorraia Valley, where 
megalithic tombs have been radiocarbon dated to the same time period (Fig. 
1B). This was the case of the Cabeceira 4 dolmen (roCha and duarte, 2009), 
whose human remains, dated to 3600 cal BC, were thought to belong to the same 
population as Bom Santo’s (Carvalho, 2014) and thus expectably with similar 
palaeodietary signals. Recently obtained carbon and nitrogen isotope data from 
the three buried individuals coherently indicated ≥20% of freshwater foods and 
allowed this hypothesis to be fully confirmed (Carvalho and roCha, n. d.). 
In conclusion, a significant trend of decreasing consumption of marine and 
aquatic foods in the southern part of Estremadura and neighbouring areas of 
Alentejo through the 3800–3400 cal BC time period is now evident. The open 
question is to determine why it began.
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3. dIscussIon
From the above it seems clear that the available zooarchaeological and stable 
isotopic evidence for Estremadura show signs of an important economic shift at 
the Early-to-Middle Neolithic transition or, more precisely, at the passage from 
the 5th to the 4th millennia BC. In summary:
•	 in the LME, a specialization in (seasonal?) itinerant pastoralism combined 
with the hunting of cervids replaces more settled and diversified stock-
keeping and hunting practices;
•	 in the «Lisbon Peninsula», the same Early Neolithic patterns as in the 
LME seem to be present but the difference is their replacement by 
itinerant pastoralism (as isotopically detected in Bom Santo sheep/goat 
specimens) alongside increasing exploitation of estuarine and marine 
foods, as observed isotopically and in the presence of mollusc debris in 
contemporary middens.
As mentioned in the introduction, a similar phenomenon can be observed, not 
only in the Sorraia Valley (Carvalho, 2014; Carvalho and roCha, n. d.), but also in 
the case of the seven shell-middens in the Comporta area of the Sado river mouth 
(Silva et al., 1986; SoareS and Silva, 2013), immediately south of Estremadura 
(Fig. 1B). Here, intensive exploitation of estuarine and marine resources (fish, 
molluscs, seabirds and salt) occurred between 3700 and 2900 cal BC (Middle 
Neolithic to Initial Chalcolithic) with very little participation of terrestrial foods. 
According to SoareS and Silva (2013), mammal remains are only represented 
at the Barrosinha midden (96 identified specimens): mostly rabbit (73% of total 
mammals) and, to a much lesser extent, pig and sheep/goat (16%), and carnivores 
(11%). The community settled at Comporta is understood by the same authors 
as descendant of the last Mesolithic hunter-gatherers of the Sado—given similar 
subsistence strategies and burial practices—who incorporated domestic animals 
and new material culture items (mainly pottery) through exchange. The reason 
for their displacement downriver is hypothesised as due to river infill processes 
and consequent estuary retreat (SoareS, 2013).
Despite the small number of radiocarbon determinations available for the 
period in question and the inherent difficulty in matching historical and past 
environmental processes, the transitions in subsistence strategies examined in 
this paper started at ca. 3800 cal BC and seem to be in-between two major climate 
and cultural phenomena: deteriorating environmental conditions post-dating the 
5.9 kyr cal BP (3900 cal BC) climatic event (bond et al., 1997), and the building of 
the earliest megalithic architectures for collective burials in the southern regions 
of Portugal at around 3600 cal BC (Fig. 4; Table 2).
The impact of the 5.9 kyr cal BP event—also referred to as Bond 4—, defined 
by increasing aridity and cooler temperatures, must be scrutinised and evaluated 
in its implications over these cultural systems.
An analysis of climatic variability in the Holocene by mayeWSki et al. (2004) 
allowed the identification of several «rapid climatic changes» (RCC) characterised 
by the co-occurrence of high-latitude cooling and low-latitude aridity: in particular, 
«[...] the RCC interval from 6000 to 5000 cal yr B.P. [ca. 4000–3000 cal BC] marks 
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the end of the early to mid Holocene humid period in tropical Africa, beginning 
a long-term trend of increasing rainfall variability and aridification [...]» (p. 250), 
due to solar oscillation, not to ice-rafting as initially thought by bond et al. (1997). 
But, more importantly, «[...] during the 8.1 kyr event [bond 5], the climate turned 
colder and drier, becoming warm and humid afterwards. In contrast, during the 
5.9 kyr [bond 4] and the 4.2 kyr [Bond 3] events, the climate turned very dry, but 
it did not return to its previous warm and humid state afterwards» (Wang et al., 
2013: 4). Although it is necessary to reappraise the available palaeoenvironmental 
proxies from small-scale geographical units within Estremadura—which is not 
within the scope of this paper—non-return bioclimatic changes seem indeed to 
have affected the region. Data retrieved from marine core MD95-2042, off south-
west Iberia, indicates eight successive events of forest setbacks (Chaubaud et al., 
2014). One of them, dated to 3.4 kyr cal BC, consists of a reduction of 17% in 
the deciduous and evergreen Quercus forests, resulting in semi-desert expansions 
and heathland contractions. This is clearly a further episode in the continuous 
increasing in dryness and cooling following the Bond 5 event; the striking point, 
however, is that the pollen percentages of Mediterranean forest species now 
reaches their minimum values in the whole Middle Holocene. This means that
human responses had to be based on long-term cultural changes. In central 
Portugal, these responses may have been a stronger emphasis on pastoralism and 
a renewed focus on available wild foods (terrestrial or aquatic), which acted as a 
twofold solution to solve this «pre-crisis» scenario within subsistence strategies.
Within this broad context, how can the onset of megalithism be understood? 
This is a particular acute question given the subsistence scenario described above 
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Figure 4.  Radiocarbon dates on human bone remains from the oldest megalithic monuments of 
Estremadura and neighbouring areas of central–southern Portugal (see Fig. 1 for site locations) with 
indication of the 5.9 kyr cal BP climatic event (Bond 4).Dates plotted with version 3.10 of the Oxcal 
program (Bronk-Ramsey, 2009).
 Table 2. Radiocarbon dates on human bone remains from the oldest megalithic monuments of 
Estremadura and neighbouring areas from central–southern Portugal.
(1) Calibration of radiocarbon dates at the 2 sigma interval with the IntCal13 curve (Reimer et al., 2013) using 
calibration program OxCal 4.2.
References: [1] Boaventura (2009); [2] Boaventura et al. (2013); [3] Rocha and Duarte (2009); [4] Carvalho 
and Rocha (n.d.); [5] Soares (2010).
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Site
14C Lab 
number
Years BP
Calibration range 
(% prob. BC) (1)
Ref.
Carrascal de Agualva Beta-228577 4770 ± 40
3644–3507 (85.5%),
3427–3381 (9.9%).
[1]
Beta-225167 4640 ± 40
3620–3612 (0.9%),
3521–3350 (94.5%).
Pedras Grandes Beta-205946 4590 ± 40
3511–3425 (30.7%),
3383–3316 (37.8%),
3293–3289 (0.3%),
3274–3266 (0.6%),
3238–3108 (26.1%).
[1]
Beta-234136 4530 ± 40 3365–3097 (95.4%)
Sobreira 1 Beta-233283 4770 ± 40
3644–3507 (85.5%),
3427–3381 (9.9%).
[2]
Cabeceira 4 Wk-41086 4742 ± 20
3635–3553 (64.0%),
3541–3512 (19.2%),
3424–3382 (12.2%).
[3], [4]
Wk-17084 4759 ± 41
3641–3500 (80.6%),
3431–3379 (14.8%).
Beta-196094 4780 ± 40
3648–3513 (88.8%),
3424–3383 (6.6%).
Cabeço da Areia Beta-196091 4650 ± 40
3621–3608 (2.0%),
3522–3356 (93.4%).
[3]
Pedra Branca 
(chamber)
ICEN-1040 4620 ± 60
3629–3585 (4.3%),
3531–3312 (75.2%),
3295–3287 (0.4%),
3275–3265 (0.6%),
3239–3106 (14.9%).
[5]
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and the processual versus post-processual debate on the economic background 
necessary for societies to build megalithic monuments; i.e., to determine whether 
or not a fully-established farming economy is a pre-requisite. With very few 
exceptions (Jorge, 2000: 64–67), this issue received little attention in Portuguese 
archaeology. A look at what was happening at the same time in the Sahara, which 
constitutes a roughly parallel process in chronological, palaeoecological and 
cultural terms, may shed light on this question (for syntheses, see bariCh, 2002; 
CremaSChi and Zerboni, 2006; di lernia, 2006; gifford-gonZáleZ, 2005; le QuelleC, 
2006; vernet, 2002). 
It is now well-known that the end of the African Humid Period (AHP) 
follows the Bond 5 event (demenoCal et al., 2000). While in the eastern Sahara 
people tended to migrate and settle along the riverine environments of the Nile —
where water was available year-round— giving rise later to the Egyptian dynastic 
civilisation, in the western and central regions archaeological evidence provides 
a rather distinct cultural process. Increased human mobility and itinerant 
pastoralism in arid areas alongside sedentism in relict oasis were the responses to 
aridity (for local/regional case-studies, see brookS et al., 2009; di lernia, 2006; di 
lernia and tafuri, 2013; di lernia et al., 2014; dunne et al., 2012; JouSSe, 2006; kuPer, 
2006; Sereno et al., 2008; Smith, 2006). Stone funerary architectures also started 
to be built, first for the inhumation of cattle according to elaborate rituals (4400 
cal BC) and later to receive human burials (3000 cal BC). Itinerant pastoralism 
and stone monuments seemed to have been, respectively, the socioeconomic and 
ideological responses in the face of the Sahara’s desiccation. If the former acted as 
buffer against more arid conditions, the latter has to be related to pastoralist groups 
that used these stone structures as aggregation sites to mark their territories and 
travelling routes, an interpretation explicitly evoking similar scenarios frequently 
put forward to explain megalithism in Western Europe. Recently, manning and 
timPSon (2014) also stated that broad-scale population dynamics in the Sahara 
went through a «major and irreversed population collapse» at around 4000 cal 
BC, closely coinciding with the end of the AHP.
In spite of the obvious differences in aridity magnitude, geographical settings 
and particular historic-cultural backgrounds, the above evidence supports the 
notion that Saharan hunter-gatherer-shepherd groups provides an analogue to 
frame their broadly coeval Portuguese counterparts. If this analogy is confirmed 
in the future to be workable, it strongly suggests that social imperatives, more 
than a simple farming versus non-farming equation, were the determining causes 
that pushed human groups to build durable monuments in stone. Moreover, 
in both regions megalithism triggered more profound changes towards higher 
levels of inequality and social complexity.
4. conclusIons
To our knowledge, the emergence of megalithism in Portugal has seldom, 
if ever, been explained as a response to climate fluctuations in the Holocene. 
Research history shows nuanced but cyclic perspectives balanced between 
exogenous/migration or local/evolutionary-based explanations. Even under the 
most marked processual perspectives of the 1980/90s such views were excluded 
from interpretations (e.g. Jorge, 1990; Silva, 1997). However, accumulating 
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palaeoclimate evidence from several proxies—and also acquired awareness of 
present-day global climate change—suggested that the collapse of the earliest 
urban civilisations and empires could be reanalysed from this perspective. 
This took place at the turn of the century and was carried out in some cases by 
researchers directly involved in palaeoenvironmental studies (e.g. demenoCal, 
2001). Approaches like this have since then been reintroduced in the archaeological 
agenda and will expectably receive renewed attention in the 21st century as one 
of its «grand challenges» (kintigh et al., 2014).
The proposals presented in this paper are only preliminary, tentative and 
obviously require further investigation in a number of research fields, not to 
mention that sound correlations between climate and culture are often complex 
and rather imprecise, especially when evaluating possible delayed effects of the 
former over the latter. Moreover, comparative approaches to cultural processes—
as attempted above—must always be mediated by the pre-existing socioeconomic 
structures and ideology of the human societies under study; indeed, strict 
deterministic views tended to underestimate cultural resilience as a crucial factor 
in human responses, and this has been neglected in the past. 
With these reservations in mind, some aspects derived from the Saharan 
evidence in the 4th millennium BC, however, can be retained at this point of the 
research as analogue to the regions of central–southern Portugal—or even the 
whole southern regions of Iberia, where palaeoenvironmental explanations of 
culture change were proposed in the past (e.g. gilman and thorneS, 1985)—and 
should receive further attention in the future as research topics: (1) that aridification, 
resulting in decreasing carrying capacity of ecosystems to support farming or 
forager economies, led human groups to rely more effectively on pastoralism 
(and wild resources, whenever available); (2) that the most adequate type of 
pastoralism to cope with aridity is itinerancy (especially of sheep/goat, rather 
than cattle), to exploit sparse availability of water and pastures more efficiently; (3) 
that these processes of extending economic territories carries a social/ideological 
«side effect»: the building of ritual and funerary stone architectures to mark the 
landscape and to establish new strategies of  social interaction between groups; 
(4) that such processes may have resulted, in due time, in the emergence of 
more permanent forms of inequality within and between communities (through 
competition?); and (5) that a «boom-bust» process in population sizes may have 
occurred during these stages of the Neolithic in both regions.
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